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We investigate the dynamic magnetic response though magnetoimpedance effect of ferromagnetic
flexible NiFe/Ta and FeCuNbSiB/Ta multilayers under external stress. We explore the possibility
of handling magnetic anisotropy, and consequently the magnetoimpedance effect, of flexible mag-
netostrictive multilayers. We quantify the sensitivity of the multilayers under external stress by
calculating the ratio between impedance variations and external stress changes, and show that con-
siderable values can be reached by tuning the magnetic field, frequency, magnetostriction constant,
and external stress. The results extend possibilities of application of flexible magnetostrictive mul-
tilayers under external stress and place them as very attractive candidates as element sensor for the
development of sensitive smart touch sensors.
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I. INTRODUCTION
In the recent years, as consequence of an increasing
number of works exploring the integration between mag-
netic properties and flexible systems [1–5], many appli-
cations have been proposed using the fascinating char-
acteristics of ferromagnetic flexible nanostructures. Ex-
periments have been carried out in numerous samples,
including ribbons and films. However, although the rib-
bons may present very interesting properties for flexible
applications [6], they are limited to the electronic integra-
tion due to the difficulty in the miniaturization and inte-
gralization with lithography techniques. In contrast, thin
films, multilayers and flexible substrates overcome these
issues and appear as key elements, having striking poten-
tial of application in distinct smart devices. For instance,
they have been investigated to be applied in electronic
skin to mimic the nature with respect to functionality
and appearance [7–10], as well as have been widely ex-
plored as ground for spintronics devices mainly due their
magnetic and mechanical properties [1, 2, 5, 11, 12], in
a sense that magnetic properties can enable/disable the
film applicability in a specific magnetic devices. This
explains the recent interest in controlling and handling
of properties as magnetic anisotropy, dynamic magnetic
response, magnetostrictive properties and stress in ferro-
magnetic flexible nanostructures.
In this context, the magnetoimpedance effect (MI) cor-
responds to a powerfull tool to investigate magnetic ma-
terials and the dynamic response, as well as it is of tech-
nological interest due to the application of materials ex-
hibiting MI in sensor devices [13]. The MI corresponds to
∗ Electronic address: marciocorrea@dfte.ufrn.br
the change of the real and imaginary components of elec-
trical impedance of a ferromagnetic sample caused by the
action of an external static magnetic field. In a typical MI
experiment, the studied sample is also submitted to an
alternate magnetic field associated to the electric current
Iac = Io exp(i2pift), f being the probe current frequency.
Irrespective to the sample geometry, the overall effect of
these magnetic fields is to induce strong modifications of
the effective magnetic permeability [14].
Regarding to MI in flexible multilayers, in the recent
past, distinct groups have reported very interesting re-
sults [15–20], opening the possibilities for the use of flex-
ible substrates in the development of MI based sensors
devices for field detection. In particular, our group has
shown that non-magnetostrictive NiFe/(Ag,Ta) multilay-
ers with similar magnetic properties and dynamic mag-
netic response can be obtained in distinct substrates [15].
For magnetostrictive multilayers, we have performed sim-
ilar study in Co/(Ag,Cu,Ta) structure [16], and the mir-
roring of the magnetic features considering rigid and flex-
ible substrates has been also verified [16]. This corre-
sponds to a fundamental issue, since the optimized re-
sponse obtained for films in ordinary rigid substrates
can be reproducible in flexible ones [15, 16]. However,
considering both aforementioned reports, it is important
to emphasize that, up to now, we have investigated the
magnetic properties just in multilayers without external
stress.
In this work, we report on the magnetoimpedance
effect in ferromagnetic flexible NiFe/Ta and FeCuNb-
SiB/Ta multilayers under external stress. We handle
magnetic anisotropy and magnetoimpedance effect of the
flexible magnetostrictive nanostructures and verify that
the sensitivity of the multilayers under external stress,
calculated by the ratio between impedance changes and
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2external stress variations, reaches considerable values
and is experimentally tunable by the magnetic field, fre-
quency, magnetostriction constant, and external stress.
The results extend possibilities of application of flexible
magnetostrictive multilayers under external stress and
place them as very attractive candidates as element sen-
sor for the development of sensitive smart touch sensors.
II. EXPERIMENTAL PROCEDURE
For this study, we produce ferromagnetic flexible mul-
tilayers with distinct magnetostrictive properties. We se-
lect ferromagnetic alloys (FM) with nominal composition
of Ni81Fe19, the well-known Permalloy which has vanish-
ing magnetostriction [21], and Fe73.5Cu1Nb3Si13.5B9, the
precursor of the so-called nanocrystalline Finemet [22]
that presents high positive saturation magnetostriction
constant [23], λs ≈ +26× 10−6, and soft magnetic prop-
erties even in the amorphous state [24]. The [FM(10
nm)/Ta(2 nm)]×50 multilayers are deposited by mag-
netron sputtering onto flexible Kapton R© substrate, cov-
ered with a 2 nm-thick Ta buffer layer, with dimensions
of around 10 × 4 mm2, using the following parameters:
base pressure of 7 × 10−7 Torr, deposition pressure of
2 × 10−3 Torr with Ar at 32 sccm constant flow, and
using a DC source with 20 W. Under these conditions,
the deposition rates for the NiFe, FeCuNbSiB and Ta
layers are 0.52 nm/s, 0.33 nm/s and 0.18 nm/s, respec-
tively. During the film deposition, the substrate moves at
constant speed through the plasma to improve the film
uniformity, and a constant 1 kOe magnetic field is ap-
plied perpendicularly to the main axis of the substrate
to induce magnetic anisotropy and define an easy mag-
netization axis. For comparision, multilayers deposited
onto rigid glass substrate are also produced in the same
batch. In particular, these multilayer are used just to
make a comparision with respect to the structural char-
acterization (not shown).
The structural characterization of the multilayers is
performed through x-ray reflectometry (XRR) and x-
ray diffraction (XRD) performed with a Rigaku-Miniflex
diffractometer in a Bragg-Brentano geometry and using
CuKα radiation.
The magnetic properties and magnetization dynam-
ics are investigated in ferromagnetic flexible multilayers
with distinct magnetostrictive properties under external
stress. Experimentally, the multilayers are submitted to
external stress by bending the substrate with predefined
curvatures.
The external stress in the multilayer may be estimated
following the approach described in Refs. [25, 26], which
is based on the Stoney Model and considers the bending
of the sample. To this end, some assumptions are taken
into account: (i) The film must be planar, homogeneous
and isotropic; (ii) The thicknesses of the film (tFM ) and
of the substrate (tS) must be uniform; and (iii) tFM 
tS . For the multilayers studied here, tFM ≈ 0.0046 tS .
From the Hooke’s Law, where the Young’s modulus Y
and Poisson ratio νs are considered, the average stress σ¯
along the main axis of the sample can be written as
σ¯ =
Y
6(1− νs)r
t2S
tFM
, (1)
where r is the curvature radius, that has a dependence
with the sample’s dimensions. Figure 1 presents the ex-
perimental parameters considered for the estimation of
the external stress. Thus, considering that our samples
present small differences of size, the estimated average
stress is distinct for each induced bending. At the same
time, the multilayers present a natural curvature, leading
to a compressive stress when the curvature is reduced, a
fact primarily evidenced for the FeCuNbSiB/Ta multi-
layers. Here, we consider the selected σ¯ values of 32.1,
64.7, 92.0, and 124.2 MPa for the NiFe/Ta multilayer and
−1.5, 44.1, 82.4, and 127.3 MPa for the FeCuNbSiB/Ta
one.
FIG. 1. Experimental parameters considered for the estima-
tion of the external stress. In this case, δ is the displacement
of the neutral plane, r the curvature radius in which the mul-
tilayer is submitted, and tFM and tS are the thicknesses of
the film and of the substrate, respectively.
The in-plane magnetic properties are obtained through
magnetization curves measured along and perpendicu-
larly the main axis of the samples with a Lakeshore 7400
Vibrating Sample Magnetometer. All the curves are ob-
tained with maximum applied magnetic field of ±350 Oe
at room temperature.
The magnetoimpedance effect is measured using a RF-
impedance analyzer Agilent model E4991, with E4991A
test head connected to a microstrip in which the sample
is the central conductor [27], which is separated from the
ground plane by the substrate. The electric contacts be-
tween the sample and the sample holder are made with
24 h cured low resistance silver paint. To avoid prop-
agative effects and acquire just the sample contribution
to MI, the RF impedance analyzer is calibrated at the
end of the connection cable by performing open, short,
and load (50 Ω) measurements using reference standards.
The probe current is fed directly to one side of the sam-
ple, while the other side is in short circuit with the ground
plane. The ac current and external magnetic field are ap-
plied along the length of the sample. MI measurement
is taken over a wide frequency range, between 0.5 GHz
3and 3.0 GHz, with maximum applied magnetic fields of
±350 Oe. While the external magnetic field is swept, a
0 dBm (1 mW) constant power is applied to the sample
characterizing a linear regime of driving signal. Thus, at
a given field value, the frequency sweep is made and the
real R and imaginary X parts of the impedance Z are
simultaneously acquired.
III. RESULTS
Figure 2 shows the XRD and XRR patterns obtained
for both the NiFe/Ta and FeCuNbSiB/Ta multilayers
grown on flexible substrates. The presence of only one
peak for the NiFe/Ta multilayer, presented in the XRD
diffractogram, indicates that the NiFe layers are well-
textured with the (111) planes parallel to the surface.
The NiFe crystallite size estimated by the Debye-Scherrer
equation is within the error of the layer thickness. On the
other hand, FeCuNbSiB does not present long range crys-
talline order as its diffractogram shows just a very broad
peak around 2θ ≈ 44◦. The XRR patterns confirm the
flatness and homogeneity of the two samples. By simu-
lating the data was found average roughnesses as small
as 0.66 nm (0.50 nm) for the Tantalum surfaces in the
NiFe/Ta (FeCuNbSiB/Ta) multilayer, and 0.69 nm (0.67
nm) for the NiFe (FeCuNbSiB) surfaces. The exact thick-
nesses are 2.54 nm for Ta layers (both multilayers), 8.41
nm and 7.98 nm for NiFe and FeCuNbSiB, respectively.
Reference samples grown at the same batch, but on rigid
glass substrates instead, were found to be about 1.7 %
thicker with respect to the ones discussed here. This
strain may be related to the releasing of residual stress
which is made possible by the flexibility of the Kapton R©
substrate and leads to the natural curvature mentioned
previous section.
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FIG. 2. X-ray diffraction and X-ray reflectometry (insets)
for the (a) NiFe/Ta and (b) FeCuNbSiB/Ta multilayers. In
the insets, the symbols correspond to the experimental data,
while the solid lines represent the simulations for the XRR.
Figure 3(a,b) shows the normalized magnetization
curves obtained for the multilayers under the different
external stress values, while Fig. 3(c) presents the stress
dependence of the saturation field Hs, obtained from the
magnetization curves. Soft magnetic properties are ver-
ified for both multilayers. The curves obtained for the
multilayers without external stress, i. e., under resid-
ual stress, confirm an in-plane magnetic anisotropy, with
easy magnetization axis perpendicular to the main axis,
induced by the magnetic field applied during the deposi-
tion, as expected. However, as the external stress is in-
creased, it is identified a clear difference of the magnetic
behavior of the multilayers, a fingerprint of the distinct
magnetostriction values.
It is important to point out that the external stress can
give rise significant changes in the magnetic properties,
magnetic domain structure and magnetization processes
of the multilayers. The magnetoelastic anisotropy energy
term associated to the external stress can be expressed by
Eσ =
3
2λSσ. In particular, the magnetoelastic anisotropy
induced by external stress competes by enhancing or bal-
ancing anisotropies induced during the production pro-
cess of the multilayers. Notice that the result of the ap-
plied external stress is strongly dependent on the product
between λ and σ. Thus, if λσ > 0, an anisotropy axis of
magnetoelastic origin is induced along the same direction
of the applied external stress, otherwise, if λσ < 0, this
anisotropy axis is oriented perpendicularly to the direc-
tion of application of the external stress [28].
The curves for the NiFe/Ta multilayer do not present
any dependence with the applied stress and a very tiny
variation of Hs is verified, signatures of the vanishing
magnetostriction of the investigated NiFe alloy. On the
other hand, for the FeCuNbSiB/Ta multilayer, the mag-
netic properties are strongly dependent on the external
stress. It is observed an evolution of the shape of the
magnetization curve, from a squared shaped loop to an
inclined and narrowed curve, as well as a large variation
of Hs with the external stress. Since the FeCuNbSiB al-
loy has high positive magnetostriction, a magnetoelastic
anisotropy axis arises along the direction of the positive
external stress, i. e., along the main axis of the multi-
layer, which leads to a change in the orientation of the ef-
fective magnetic anisotropy with the increase of the stress
value. In this case, the magnetic behavior is a result of
the competition between the induced uniaxial magnetic
anisotropy and the magnetoelastic anisotropy contribu-
tion. In this sense, this competition allows us to handle
the magnetic anisotropy and the magnetoimpedance ef-
fect of ferromagnetic flexible substrates.
The quasi-static magnetic properties play a fundamen-
tal role in the dynamic magnetic response of a ferro-
magnetic system. Thus, the changes in the magnetic
anisotropy will be reflected in the magnetoimpedance
curves. Regarding the results, in order to allow direct
comparison between the results, we define MI = Z(H)−
Z(Hmax), where Z(H) is the impedance at a given ex-
ternal magnetic field and Z(Hmax) is the impedance for
the maximum external magnetic field applied, where the
multilayer is saturated magnetically.
Figure 4 shows the MI curves, at selected frequen-
cies, for the multilayers under different external stress
values. It is known that the shape and amplitude of
the MI curves are strongly dependent on the orienta-
tion of the magnetic field and ac current with respect
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FIG. 3. Normalized magnetization curves for the (a) NiFe/Ta
multilayer and (b) FeCuNbSiB/Ta one under selected values
of external stress. Notice that the curves are obtained with
the magnetic field perpendicular to the main axis of the sam-
ples, while the external stress is applied along the main axis.
The insets present normalized magnetization curves measured
along (filled symbols) and perpendicularly (open symbols) the
main axis for the multilayers without external stress. (c) Sat-
uration field as a function of external stress for both multi-
layers.
to the magnetic anisotropies [29, 30], magnitude of the
magnetic field, probe current frequency, as well as are
directly related to the main mechanisms responsible for
the transverse magnetic permeability changes: skin effect
and ferromagnetic resonance (FMR) effect [31]. Here,
the well-known symmetric magnetoimpedance behavior
around H = 0 for anisotropic systems [29] is verified and
the MI curves reflect all the expected classical features,
including the MI behavior with respect to the orientation
between the anisotropy and field [32], as well as with fre-
quency [31–34].
The NiFe/Ta multilayer exhibits curves with a double
peak behavior for the whole frequency range, a signature
of the perpendicular alignment of the field and ac cur-
rent with the easy magnetization axis. An interesting
feature resides in the dependence of the MI amplitude
and peaks position with the probe current frequency and
the external stress. For frequencies up to ∼ 0.7 GHz,
not shown here, the peaks position remains close to the
anisotropy field, indicating the skin effect as the main re-
sponsible for the changes of the transverse permeability.
For frequencies above this value, the MI variation is a
consequence of the a strong skin and FMR effects acting
simultaneously in the multilayers, a fact evidenced by the
displacement of the peaks position towards higher fields
as the frequency increases. Moreover, the MI results cor-
roborate the negligible influence of the stress on the mag-
netic properties and on dynamic magnetic response due
the vanishing magnetostriction.
○○○○○○○○○○○○○○○○○○
○○
○
○
○○
○○○○○○○○○○○○○○○○○○○○○○○○○○○○○○○○○
●●●●●●●●●●●●●●●●●●
●
●
●
●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
■■■■■■■■■■■■■■■■■
■■
■
■
■■
■■■■■■■■■■■■■■■■■■■■■■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼
▼
▼
▼
▼
▼
▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼ ▼ ▼ ▼ ▼ ▼ ▼ ▼ ▼ ▼ ▼ ▼ ▼
��� ���
(�)
���
���
�
○ ���� ���● ���� ���■ ���� ���▼ ����� ���
� ��� ��� ���-����
-����
����
����
� (��)
��
(Ω)
○○○○○○○○○○○○○○○○○○○○○○○○○○
○○
○○
○○○○○○○○○○○○○○○○○○○○○○○○○○○
●●●●●●●●●●●●●●●●●●●●●●●●●
●●
●
●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●
■■■■■■■■■■■■■■■■■■■■■■■■■
■
■
■
■■
■■■■■■■■■■■■■■■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼
▼
▼
▼
▼
▼
▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼ ▼ ▼ ▼ ▼ ▼ ▼ ▼ ▼ ▼ ▼ ▼ ▼
(�)
��� ������
���
�
� ��� ��� ���
-���
-���
���
���
���
� (��)
��(Ω)
○○○○○○○○
○○○○○○○○
○○○○○
○○○○○○○○○○○○○○○○○○○○○○○○○○○○○○○○○○○○○○○○○○
●●●●●●●●●●●●●
●●●●●●
●●
●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
■■■■■■■■■■
■■■■■■■
■■■■■■■
■■■■■■■■■■■■■■■■■■■■■■■■■■■■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼ ▼ ▼ ▼ ▼ ▼ ▼ ▼ ▼ ▼ ▼ ▼ ▼
��� ���
(�)
|Δ��|
/|Δσ|_
���
��
�
○ -��� ���● ���� ���■ ���� ���▼ ����� ���
� ��� ��� ���
���
���
���
���
���
� (��)
��
(Ω)
○○○○○○○○○○○○○○
○○○○
○○
○○
○○
○○○○○○○○○○○○○○○○○○○○○○○○○○○○○○○○
●●●●●●●●●●●●●●●●●●●
●●●
●●
●
●●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
■■■■■■■■■■■■■■■
■■■■
■■■■
■■■■
■■■■■■■■■■■■■■■■■■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■ ■
▼▼▼▼▼▼▼▼▼
▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼▼ ▼ ▼ ▼ ▼ ▼ ▼ ▼ ▼ ▼ ▼ ▼ ▼
(�)
��� ���
���
���
�
� ��� ��� ���
���
���
���
���
� (��)
��(Ω)
FIG. 4. The MI curves as a function of the external magnetic
field for the NiFe/Ta multilayer at the frequencies of (a) 2.5
and (b) 3.0 GHz under different external stress values. (c,d)
Similar plot for the FeCuNbSiB/Ta multilayer. Although the
curves are acquired over a complete magnetization loop and
present hysteretic behavior, we show just the part of the curve
with increasing field and positive values to make clearer the
visualization. The dashed lines indicate the location in field
of the MI peak, named Href , obtained at the respective fre-
quency and when each multilayer is under the smaller posi-
tive σ¯ value, 32.1 and 44.1 MPa, respectively. In (c), the gray
zone indicates the MI values employed for the estimation of
the sensitivity of the multilayer under stress.
On the other hand, for the FeCuNbSiB/Ta multilayer,
the peaks structure is strongly affected by the external
stress. The evolution in the shape, amplitude and posi-
tion of the MI peaks is a result of the modifications of
the magnetic properties, i. e., the change in the inten-
sity of the effective magnetic anisotropy occurring with
the increase of the external stress value, and its orienta-
tion with respect to the direction of the magnetic field
and ac current. The changes of the effective anisotropy
lead to variations of the frequency ranges in which the
distinct mechanisms governing the dynamic magnetic re-
sponse act [14]. The well-defined double peak behavior
is verified in the whole frequency range for negative ex-
ternal stress, as well as for small positive stress values,
in which the effective anisotropy is perpendicular to the
main axis. For these situations, the FMR starts appear-
ing above ∼ 1.7 GHz. As the stress increases and the
orientation of the effective magnetic anisotropy changes,
this double peak behavior gives place to a single peak
structure for frequencies below ∼ 2.3 GHz, where the
skin effect is the main responsible for the changes of the
transverse permeability. For frequencies above this value,
the double peak structure is retrieved, a consequence of
the a strong skin and FMR effects acting simultaneously
in the multilayers.
By considering magnetostrictive multilayers, the best
MI response can be explored by playing with sample’s
5parameters, such as substrate, type of structure, thick-
ness and composition of the ferromagnetic material, the
latter directly related to magnetic properties as mag-
netostriction, and experimental parameters. Thus, the
most striking finding here resides in the MI variations
tuned by modifying the magnetic field, frequency, mag-
netostriction, and external stress.
To quantify the sensitivity of the multilayers under ex-
ternal stress, we calculate the magnitude of the MI vari-
ations at a given frequency with the change of the stress
through
∆MI
∆σ¯
=
|MI−MIref |
|σ¯ − σ¯ref | . (2)
For convenience, as reference quantities, MIref and σ¯ref ,
we consider the MI peak value, which is located in a field
Href identified in the experiment, when the multilayer
is under the smaller positive σ¯ value. Table I presents
the Href values at selected frequency values. The fol-
lowing quantities in the equation correspond simply to
the MI value, at the same Href and f ones, obtained
when the multilayer is under a given σ¯. Here, we con-
sider the respective data obtained for the higher positive
σ¯ values for each multilayer, as previously indicated in
Fig. 3. Figure 5 shows the |∆MI|/|∆σ¯| ratio, as defined
TABLE I. Location in field of the MI peak at selected fre-
quency values for the NiFe/Ta and FeCuNbSiB/Ta multilay-
ers, obtained from the curves acquired with each multilayer
under the smaller positive σ¯ values, 32.1 and 44.1 MPa, re-
spectively.
f (GHz) Href (Oe)
. NiFe/Ta . FeCuNbSiB/Ta
0.5 7.9 1.1
1.0 20.7 5.1
1.5 42.4 16.7
2.0 70.2 47.9
2.5 105.1 85.3
3.0 150.2 131.9
by Eq. (2), as a function of frequency f and magnetic
field Href , indicating the sensitivity for each multilayer
under external stress. From the figure, we clearly verify
the strong influence of the magnetostriction on the sensi-
tivity. As expected, the NiFe/Ta multilayer present very
low sensitivity due to the reduced differences of the MI
values for distinct stress values. A discrete increase is
noticed above 2.0 GHz, since the FMR effect is able to
split the MI curves obtained in different conditions, even
the magnetic anisotropy is similar in both cases. For
the FeCuNbSiB/Ta multilayer, it can be seen that the
sensitivity values become significant from 0.6 GHz. The
highest sensitivity is observed at 2.5 GHz, with Href of
85.3 Oe, reaching ∼ 6.6 mΩ/MPa.
Our results raise an interesting issue on the MI behav-
ior and its application in technological devices based on
the effect in flexible magnetostrictive multilayers. Ob-
viously, they can be widely employed in magnetic field
sensor devices, in which the field detection is performed
through a change in the impedance of the sensor element.
However, the flexible magnetostrictive multilayers appear
as very attractive candidates for application as probe ele-
ment to the development of sensitive smart touch sensors.
To illustrate it, we can figure out a simple device based
on the MI effect, in which the flexible magnetostrictive
multilayers works as a logic key. In this case, once the dy-
namic magnetic response is known and device parameters
as f and Hres are set, the change of MI, i. e., high and
low impedance values, is obtained through the bending
or external stress applied to the multilayer [35].
IV. CONCLUSION
In conclusion, we have investigated the MI effect in
ferromagnetic flexible NiFe/Ta and FeCuNbSiB/Ta mul-
tilayers under external stress. We have handled magnetic
anisotropy, and consequently the magnetoimpedance ef-
fect, of these flexible multilayers. From the results,
we have observed that the magnetic properties of the
NiFe/Ta multilayer are not considerably influenced by
the external stress, as expected due to the vanishing mag-
netostriction of the ferromagnetic alloy. At the same
time, we have verified a strong evolution of the MI re-
sponse as a results of the modifications of the effective
magnetic anisotropy occurring with the increase of the
external stress. Thus, we have tuned the sensitivity of
the multilayers under external stress by setting the mag-
netic field, frequency, magnetostriction constant, and ex-
ternal stress. For the studied multilayers, the highest
sensitivity is observed for the FeCuNbSiB/Ta one, reach-
ing 6.6 mΩ/MPa at 2.5 GHz and 85.3 Oe. In this sense,
the results infer that the flexible magnetostrictive multi-
layers under external stress are not just suitable for the
development of sensors devices for field detection, but
also extend possibilities of application, placing them as
very attractive candidates as element sensor for the de-
velopment of sensitive smart touch sensors.
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FIG. 5. The |∆MI|/|∆σ¯| ratio as a function of (a) frequency f
and (b) magnetic field Href , indicating the sensitivity for
each multilayer under external stress. The dashed lines relate,
in distinct plots, the ratio calculated for the FeCuNbSiB/Ta
multilayer at frequency of 2.5 GHz, in which Href = 85.3 Oe,
corresponding to the highest obtained sensitivity.
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